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Abstract
Purpose—Pictorial cigarette pack warnings are a promising policy solution to increase smoking 
cessation among adults. However, little is known regarding adolescents' responses to pictorial 
warnings, particularly in real-world settings.
Methods—Participants were 112 adolescent children, ages 13–17, whose parents received either 
text-only warnings on the side of their cigarette packs or pictorial warnings on the top half of the 
front and back of their cigarette packs for 4 weeks as part of a trial. We measured adolescents' 
recall and recognition of these warnings, negative emotional reactions to the warnings, perceived 
effectiveness of the warnings, social interactions about the warnings, and smoking risk beliefs.
Results—Adolescents accurately recalled pictorial warnings more often than text-only warnings 
(82% vs. 19%, p < .001). Recognition of warnings was also higher for pictorial than text-only 
warnings (82% vs. 34%, p < .001). Pictorial warnings drew greater attention (p < .001), elicited 
greater negative emotional reactions (p < .05), and sparked more social interactions (p < .01) than 
text-only warnings.
Conclusions—Pictorial warnings on cigarette packs may have important effects on adolescent 
children of smokers. Future research should further investigate the impact of such messages on 
adolescents' susceptibility to smoking initiation and interest in quitting smoking, particularly as the 
United States and other countries work to implement pictorial warning regulations.
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Tobacco use results in the death of almost six million people globally each year [1]. In the 
United States, cigarette smoking is the primary cause of preventable death, killing 480,000 
people annually [1]. Almost 90% of smokers begin smoking by the age of 18 [2], and 
adolescence is a critical period for development of enduring smoking-related attitudes and 
behaviors [3,4]. Therefore, adolescents are a particularly important population to target with 
tobacco prevention messages and regulatory interventions, including pictorial cigarette pack 
warnings. The 2009 Family Smoking Prevention and Tobacco Control Act required that the 
U.S. Food and Drug Administration (FDA) develop nine new pictorial warnings for cigarette 
packs [5]. While a tobacco industry lawsuit has delayed the implementation of pictorial 
warnings, the FDA intends to propose a revised set of warnings that will address the 
concerns raised in the lawsuit [6]. Understanding how pictorial warnings affect adolescents' 
emotional and cognitive responses, smoking attitudes and intentions may provide important 
information as the FDA designs new warnings and prepares for subsequent legal challenges.
A large body of research indicates that pictorial warnings are more effective than text-only 
warnings among adults [7,8], drawing more attention, eliciting stronger cognitive and 
negative affective reactions, increasing intentions to quit smoking [7], and reducing smoking 
behaviors [8,9]. However, few studies have examined adolescents' responses to pictorial 
warnings. Experimental studies have yielded mixed findings among adolescents. For 
example, several studies have found pictorial warnings engendered higher perceived 
effectiveness and quit intentions than text warnings [10–12], whereas others showed no 
difference in discouragement from smoking [13] or demonstrated higher intentions to smoke 
in response to pictorial warnings [12]. However, each of these studies relied on brief 
exposures to warnings in artificial settings. Observational data collected from countries that 
have implemented pictorial warning policies provide strong evidence of consistent positive 
effects among adolescents [14–16]. Smoking prevalence among Canadian adolescents 
declined by 5% following implementation of pictorial warnings in 2001 [16]. In Australia, 
cognitive processing (i.e., the extent to which individuals think about and elaborate on the 
pictorial warnings), social interactions, negative cigarette pack attitudes, and consideration 
of quitting or cutting back on smoking increased among adolescent smokers following 
implementation of pictorial warnings in 2006 [14]. Similarly, adolescents in the United 
Kingdom reported greater cognitive processing and higher perceived effectiveness of the 
cigarette pack warnings to reduce smoking following implementation of pictorial warning 
labels in 2008 [15]. While these latter studies describe the real-world response of 
adolescents to pictorial warnings, they cannot easily disentangle the impact of the warnings 
from secular trends and concurrent antitobacco interventions, such as national antitobacco 
media campaigns or tax increases implemented in concert with the pictorial warnings.
Evaluation of the effect of pictorial warnings on adolescents in naturalistic settings in the 
United States has been hindered by ethical and regulatory considerations that preclude the 
application of pictorial warning labels to adolescents' own cigarette packs, as well as 
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practical considerations that limit labeling other cigarette packs to which adolescents may be 
exposed. Our randomized controlled trial of pictorial cigarette pack warnings [9] among 
adult smokers presented a unique opportunity to interview the adolescent children of study 
participants about the warnings. Our study investigated adolescents' real-world reactions to 
cigarette pack warnings, social interactions about the warnings, and changes in smoking 
attitudes and risk beliefs in response to the warnings.
Methods
Study participants
From December 2014 to September 2015, we recruited 116 adolescents ages 13–17 residing 
in North Carolina or California with a parent, guardian, or other household member who 
participated in a randomized controlled trial in which a single pictorial or text-only warning 
label (Figure 1) was affixed to their cigarette packs for 4 weeks (i.e., the “parent study”; see 
Brewer, et al. [9] for a full description of the parent study and Brewer, et al. [17] for a 
detailed description of the parent study protocol). The parent study recruited participants 
through Facebook, Craigslist, email lists, in-person recruitment, referrals from local 
retailers, flyers, yard signs, and bus and newspaper advertisements. The parent study 
participant was usually the adolescent's mother or father, who, for simplicity, we refer to as 
the “parent” hereafter. We excluded data from four adolescents whose responses were likely 
influenced by an adult in the room during the phone interview, as indicated by the 
adolescent's report or interviewer's observations; thus, our analytic sample was 112 
adolescents. Five adolescents whose parents received text-only warnings accurately 
described a pictorial warning in response to an open-ended item assessing recall of the 
warning, likely because they also saw other parent study participants' packs. For these 
participants, we coded warning recall as incorrect and included them in the pictorial arm for 
the remaining analyses. Sensitivity analyses produced similar results after excluding data 
from these five adolescents. We, therefore, include their data in analyses, resulting in a more 
conservative analysis because these five adolescents likely had less exposure to a pictorial 
warning than those adolescents whose parents were assigned a pictorial warning.
Procedures
We identified parent study participants who lived in the same household as adolescents ages 
13–17 and informed the parents about a study opportunity for their adolescent children. We 
obtained verbal consent from a legal guardian for the adolescent's participation. In 
households with more than one eligible adolescent, we asked to interview the adolescent 
with the most recent birthday. We then invited the adolescent to participate in the study, 
obtained verbal assent prior to conducting the survey over the phone, and provided a $40 
incentive for completion of the survey. The University of North Carolina institutional review 
board approved the study.
Measures
We used the message impact framework, a taxonomy of variables that pictorial warnings 
may affect [7], to select outcome measures (Figure 2). Survey items assessed unaided recall 
and list-aided recognition of the warning to which the adolescent's parent was assigned, 
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reactions to the warning [18–20], reactance to the warning [21], perceived effectiveness of 
the warning, social interactions about the warning, attitudes toward smoking [14,22], 
smoking risk appraisals [22–24], smoking susceptibility [25], smoking behavior [22,25], and 
demographics. We cognitively tested [26] new and modified items with 10 adolescents ages 
13–17. The survey instrument and decision rules to assess accuracy of warning recall are 
available in an Online Supplement.
Analysis
We compared the two study arms (pictorial vs. text only) using t tests for continuously 
measured variables and chi-square, Fisher's exact, or McNemar's test for categorical 
variables as appropriate. Analyses used SAS version 9.4 (SAS Institute Inc., Cary, NC). We 
set critical alpha to .05 and used two-tailed statistical tests.
Results
Of the 112 participants, 48% were male and their mean age was 15 (Table 1). Most (68%) 
were African-American, and more than half (61%) lived in households with income of less 
than 150% of the federal poverty level. For the majority of participants (69%), the 
adolescent's mother or stepmother participated in the parent study. Thirteen percent of 
adolescents were current smokers, defined as smoking some days or every day, and an 
additional 13% had previously tried smoking. Demographic characteristics did not differ 
between pictorial and text-only warning arms.
Recall and recognition of warnings
Most (93%, 104/112) adolescents reported seeing their parents' cigarette packs during the 
study, and the majority (63%, 70/112) reported seeing the warning we applied to their 
parents' cigarette packs at least once. Seeing the warning was not associated with any of the 
nine demographic characteristics in Table 1 (all p > .05). However, seeing the warning 
differed by study arm: 75% (38/51) of those whose parents were assigned pictorial warnings 
reported seeing them, compared to 52% (32/61) of those whose parents were assigned text-
only warnings (p < .05).
We next looked at recall and recognition among the 70 adolescents who reported seeing a 
warning on their parents' cigarette packs. Most (82%, 31/38) adolescents whose parents 
were assigned pictorial warnings accurately described the image on their parents' warnings 
in measures of unaided recall. In contrast, only 19% (6/32) of adolescents whose parents 
were assigned text-only warnings accurately described the text on their parents' warnings (p 
< .001, Figure 3). More adolescents recalled the warning's image (82%) than text (34%, 
13/38), among adolescents whose parents were assigned pictorial warnings (p < .001). 
Accurate recall of the text accompanying the pictorial warning did not differ from recall of 
the text-only warning (p = .15).
The pattern of findings for list-aided recognition was similar. More participants recognized 
the pictorial warning image than the pictorial warning text (97%, 37/38 vs. 76%, 29/38, p < .
01). Recognition of both pictorial warning image (97%) and text (76%) was higher than 
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recognition of the text-only warning (41%, 11/27 [data missing for five participants], both p 
< .01).
Responses to warnings
Among the 70 adolescents who reported seeing any warning, pictorial warnings captured 
more attention than text-only warnings (p < .01, Table 2). Pictorial warnings also elicited 
more strongly negative emotional reactions (p < .05) than text-only warnings. In particular, 
adolescents reported feeling sadder (p < .05) and more “grossed out” (p < .01) by pictorial 
warnings relative to text-only warnings, though we observed no differences in feeling 
anxious or scared. Reactance to the warning, discouragement from wanting to smoke 
because of the warning, worry about their parent's health due to smoking, perceived harm of 
smoking, and smoking susceptibility did not differ by warning type (Table 2).
Social interactions about the warning
Forty-five of the 70 adolescents (64%) who recalled seeing a warning on their parents' 
cigarette packs talked to someone about the warning. Conversation partners included the 
adolescent's parents, other family members, friends, boyfriend or girlfriend, and classmates. 
Participants most frequently reported discussing the negative consequences of smoking (n = 
18), quitting smoking (n = 15), the specific health consequence depicted on the warning (n = 
8), and the impact of secondhand smoke on others (n = 6). Four participants (three who saw 
a pictorial warning and one who saw a text-only warning) reported sharing the warning on 
social media via Facebook, Instagram, or Twitter.
Adolescents who recalled seeing a pictorial warning were more likely to talk to someone 
about the warning than adolescents who recalled seeing a text-only warning (77% vs. 44%, p 
< .01, Table 2). Adolescents who saw pictorial warnings were also more likely to discuss 
them with their parents than were adolescents who saw text-only warnings (70% vs. 41%, p 
< .05). Conversations about quitting smoking were somewhat more common among 
adolescents in the pictorial warning arm relative to those in the text-only warning arm, 
although the finding was not statistically significant (60% vs. 37%, p = .06).
Discussion
Adolescents who reported seeing a pictorial warning on their parents' cigarette packs during 
a 4-week trial had greater unaided recall of the warning image, greater recognition of both 
the warning image and accompanying text, reported stronger negative emotional reactions in 
response to the warning, and were more likely to talk to someone about the warning than 
those adolescents who saw a text-only warning. These findings are consistent with previous 
observational research on the impact of pictorial warnings on adolescents [8], in which 
unaided recall of the warning [15] and social interactions [14] increased following national 
implementation of pictorial warnings on cigarette packs in the United Kingdom and 
Australia, respectively. Some experimental research with adolescents has also demonstrated 
stronger negative emotional reactions to pictorial warnings [27,28], a construct hypothesized 
to explain the effect of pictorial warnings on attitudes and behavior [29].
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Adolescents whose parents were assigned a pictorial warning were more likely to report 
seeing the warning, indicating the potential broader reach of pictorial warnings in 
disseminating smoking-related health warning messages as compared with text-only 
warnings. This finding is particularly important for adolescents living with smokers. 
Compared to adolescents living with nonsmokers, adolescents living with smokers are both 
at greater risk of smoking initiation [4,30] and are likely to have greater exposure to pictorial 
warnings on cigarette packs. The greater attention drawn by pictorial warnings among our 
sample of adolescents suggests that pictorial warnings may be especially well suited to reach 
this group of adolescents at higher risk of smoking initiation.
Pictorial warnings sparked more conversations between adolescents and their parents than 
did text-only warnings. Adolescents also spoke with other family members, friends, 
significant others, and classmates about the pictorial warning, and these conversations 
extended beyond discussion of the pictorial warning content to include other smoking-
related risks, such as harms caused by second-hand smoke. Previous research has suggested 
that these kinds of social interactions may play an important role in how adults process 
pictorial warnings [31], and they may play an even larger role among adolescents [32]. 
Social influences, in the form of social networks and perceived social norms, are particularly 
important to the formation of smoking-related attitudes and behaviors during adolescence, 
playing a role in both promotion and deterrence of smoking behaviors [32]. Social 
interactions are a key part in a bidirectional process in which smoking attitudes and 
subsequent behaviors influence and are influenced by social norms [33]. Thus, discussions 
about cigarette pack warnings may serve to increase adolescents' cognitive processing of the 
warnings, increase the reach of warning messages, and reinforce knowledge of smoking 
health harms. Given the high occurrence of social interactions in our study, and the 
importance of social influences in this age group [32] future research should further 
investigate how social interactions sparked by the warnings may operate within an 
adolescent's peer group.
Our findings match the early steps in the process through which tobacco control mass media 
campaigns have affected change among adolescents [34,35]. We found differences in the 
constructs forming the early phases of the message impact framework [7], including greater 
attention and recall, stronger negative emotional reactions, and more frequent social 
interactions among those who saw a pictorial warning relative to text-only warnings. We did 
not observe differences between study arms in the more distal outcomes of perceived harm 
of smoking, discouragement from wanting to smoke, worry about parent's health due to 
smoking, and willingness to smoke. However, with the exception of willingness to smoke, 
each of the observed differences was in the expected direction. Contrary to previous research 
demonstrating that pictorial warnings elicit reactance among adults [21,36,37], we did not 
find that reactance among adolescents differed between study arms. As reactance derives 
from a perceived threat to one's freedom [38], adolescents could have experienced greater 
reactance due to a newfound need for independence and autonomy [39]. Thus, it is 
reassuring that pictorial warning exposure was not associated with greater reactance in our 
study. However, future studies should examine reactance among adolescents in larger 
samples. The small sample size and the relatively limited period of exposure in our study 
may have limited our ability to detect differences. Adolescents in our study were exposed to 
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pictorial warnings within a 4-week period. In contrast, reductions in adolescent smoking 
were observed only after 2 years of nationwide implementation of pictorial warnings in 
Canada [16]. A meta-analysis of antitobacco mass media campaigns similarly found that key 
elements in the efficacy of such campaigns were the duration and intensity of exposure [35]. 
This suggests that higher levels of exposure to pictorial warnings over a longer period of 
time have the potential to yield impacts on smoking beliefs and perhaps even behaviors, and 
our findings suggest some potential pathways of influence.
The use of a naturalistic pack-labeling protocol [9,17] allowed us to describe adolescents' 
responses to pictorial warnings in a manner similar to a real-world implementation of 
pictorial warnings in the United States. Additionally, the majority of adolescents in our study 
were from low-income households. Given the greater impact of smoking on low-income 
populations [40], it is particularly important to understand how pictorial warnings affect 
these populations and how the warnings may contribute to alleviation of smoking-related 
health disparities. We were limited by the small sample size available for recruitment from 
the parent study, reducing our ability to detect statistically significant differences between 
text-only and pictorial warning arms for some outcome variables. The parent study 
examined the potential impact of adding pictorial warnings to cigarette packs and 
implementing other label formatting changes required by the 2009 Tobacco Control Act 
compared to the status quo text-only warnings in the United States. Examining these 
changes together leaves open the possibility that the differences we observed may be due to 
adding pictures as well as to other changes to warning format. Additionally, adolescents saw 
pictorial warnings only on their parent's cigarette packs and perhaps on the packs of 
neighbors or their parent's friends who also participated in the parent study and so almost 
certainly continued to see normally labeled cigarette packs during the same period. Greater 
saturation of the warning could yield larger results in the real world. Furthermore, the 
relatively short duration of exposure also limited our ability to detect outcomes that may be 
affected through interventions of greater length.
In conclusion, compared to text-only warnings, pictorial cigarette pack warnings were 
accurately recalled and recognized with greater frequency, captured more attention, elicited 
stronger negative emotional reactions, and inspired more social interactions among 
adolescents. Pictorial warnings hold promise as a policy tool to broadly disseminate 
smoking-related health information to both smoking and nonsmoking adolescents. Future 
research should explore the effect of specific messages targeted to this population, as well as 
theoretical pathways through which changes in smoking behaviors may by induced by 
pictorial warnings.
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Implications and Contribution
This study describes adolescents' responses to pictorial warnings on cigarette packs in a 
naturalistic setting in the United States. Study findings demonstrate that pictorial 
warnings communicate smoking-related health risk messages to both smoking and 
nonsmoking adolescents and are superior to text-only warnings on multiple metrics.
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Figure 1. 
Four pictorial and four text-only warnings used in the parent study.
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Figure 2. 
Message impact framework for cigarette pack warnings.
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Figure 3. 
Recall and recognition of the warning among adolescents who saw their parents' warning. 
Error bars show 95% confidence intervals.
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Table 1
Participant characteristics, n = 11 2
Characteristic n (%)
Age, mean (range) 15 (13–17)
Gender
 Male 54 (48)
 Female 57 (51)
 Transgender 1 (1)
Hispanic 14 (13)
Race
 American Indian 1 (1)
 Asian/Pacific Islander 5 (4)
 Black 76 (68)
 White 23 (21)
 Multiracial 7 (6)
Parent study participant relationship to adolescent
 Mother/stepmother 77 (69)
 Father/stepfather 21 (19)
 Other guardian or family member 14 (12)
Low-income household (<150% of Federal poverty level)
 No 44 (39)
 Yes 68 (61)
Smoking status
 Never smoked 83 (74)
 Tried smoking 15 (13)
 Current smoker 14 (13)
E-cigarette use
 Never used an e-cigarette 83 (74)
 Tried an e-cigarette 12 (11)
 Current e-cigarette user 17 (15)
Parental education
 Less than high school degree 9 (8)
 High school graduate (or equivalent) 24 (22)
 Some college or technical school 43 (39)
 Associate's degree 16 (14)
 Bachelor's degree 9 (8)
 Graduate or professional degree 10 (9)
One participant was 18 years of age at the time of data collection but was 17 years of age during his parent's participation in the parent study. 
Demographics did not differ between pictorial and text-only warning arms, all p > .05.
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Table 2
Responses to warning, smoking risk appraisals, and social interactions about the warning, 
n = 70
Text-only warning n = 27 
mean (SD)
Pictorial warning n = 43 
mean (SD)
Attention/noticing of warning 2.85 (1.03) 3.65 (.65)*
Negative emotional reactions to warning 2.23 (1.05) 2.73 (.86)*
Discouragement from wanting to smoke because of warning 3.48 (.94) 3.65 (.81)
Reactance to the warning 2.35 (.99) 1.95 (.93)
Worry about parent's health due to smoking 3.41 (.84) 3.56 (.88)
Perceived likelihood of harm 3.56 (.70) 3.72 (.63)
Smoking susceptibility 1.08 (.19) 1.17 (.34)
Talked to anyone about the warning, n (%) 12 (44) 33 (77)*
Talked to parent about the warning, n (%) 11 (41) 30 (70)*
Talked about whether warning would encourage parent to quit smoking, n (%) 10 (37) 26 (60)†
Text-only warning and pictorial warning here refer to the adolescent's recalled condition, among adolescents who reported seeing a warning on 
their parent's cigarette packs. Response scales range from 1 (not at all, strongly disagree, definitely not) to 4 (a lot, very, strongly agree, definitely 
yes) for first seven variables in the table.
SD = standard deviation.
*p < .05.
†p = .06.
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